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The teratogenic effects of cadmium have been reported
in several animal systems. Its use in different industrial
processes and products has increased its presence in the
environment. The objective of this study was to monitor
the biochemical changes in developing reproductive organs
of the fetal rat, in particular the ovaries, to compare with
studies showing the effects of cadmium in male testes. This
present study established as a parameter of change, the con¬
centration of crude DNA in ovarian tissue as a result of
maternal rat exposure to cadmium treatment.
Gravid Long-Evans female rats were injected intraperi-
toneally on day 8% of gestation with 0.4 ml of CdCl (2.24
2
mg/kg). Untreated and saline injected rats served as controls.
Crude DNA extracts from fetal and maternal ovarian tissues
on day 19^ were quantitatively determine spectrophotometrically
for concentration changes. The results of this study clearly
show that 2.24 mg/kg body weight of cadium chloride on day
ii
8*5 of gestation causes a reduction in the mean concentration
of crude DNA in maternal rats and 19*5 day fetuses.
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1. Shows the concentration of crude DNA (ug/ml) 16
from ovarian tissues of 1935 day fetuses from
normal (O) and cadmixam (x) treated maternal
rats.
2. Shows the concentration of crude DNA (ug/ml) 17
from ovarian tissues of I9J5 day fetuses from
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The biological effects of cadmium deserve attention
for many reasons. Human beings are subjected to exposure
to cadmium via food, water and air. Its use in different
industrial processes and products has increased its presence
in the environment. Cadmium has a half-life in the human
body of approximately 30 years (Kzellstrom et al., 1971).
Cadmi\am is known to induce specific effects in the human
body; e.g., on the steriod producing organs (Parizek, 1957;
Kar et al., 1959).
Parizek (1957) and Kar and Das (1960) have shown that
a single parenteral administration of soluble cadmium salt
causes an acute haemorrhagic reaction in the testis and
proximal end of the caput epididymidis. Perm et al., (1969)
have shown that radioactive cadmium is highly permeable to
the placenta of golden hamsters when injected on 81/2 day
of gestation. From studies by Parizek (1964) , gravid rats
seem to be more susceptible to cadmium chloride than non-
gravid rats.
Dencker (1975) has shown that cadmium accumulates in
such embryonic structures as the yolk sac, ectpplacental
cone and later in the chorioallantoic palcenta. In the
maternal host, the most prominent accumulation of cadmium
chloride\has been seen in the liver and renal cortex. A
high concentration of cadmium chloride has been seen in the
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corpus luteum, follicle cells and pituitary.
The objectives of this work are to study the biochem¬
ical changes in the reproductive organs-in particular the
ovaries-that take place as a result of cadmium injection.
From the work of Dencker (1975), cadmium has been shown to
accumulate in various embryonic structures, in particular,
those of the reproductive system. These accumulated amounts
of cadmium may in turn have an effect upon the rate of DNA
synthesis and as a consequence cell proliferation in fetal
rat ovaries. Concentration of DNA in maternal ovaries as
well as fetal ovaries will be analyzed.
In the maternal host, it has been shown that cadmium
accumulates in the corpus luteum and follicle cells of the
ovary in the maternal host. As a consequence, they may also
be the target cells in the fetus. From the observed causal
point of view cadmivun may become teratogenic. Cadmium
accumulates in the primitive gut. From the primitive gut
many essential organs are formed by the interaction of sur¬
rounding mesenchyme including some tissues of the repro¬
ductive system. Cadmium accumulations in these organs may




Cadmium was discovered by Strohmeyer in 1817 from
impure zinc and lead mining and smelting. Its secondary
sources of discovery were in sewage and industrial products
such as pigments, plastics, batteries, tires, alloys, and
cosmetics. Cadmium is highly toxic especially by inhala¬
tion of dust or fumes and maybe fatal. Cadmium plating of
food beverage containers has resulted in a number of
outbreaks and gastritis and food poisoning.
Cadmium chloride has a molecular weight of 183.32, melt¬
ing point of 568° and boiling point of 960°. Cadmixam chlo¬
ride is 61.32% Cd and 38.68% Cl. Cadmium is a constituent
of alloys, e.g. Abel's, Newton's, and Wood's metal. Cadmium
is used in electroplating (major use), as a deoxidizer in
nickel plating, process engraving, electrodes for cadmium
vapor lamps and photoelectric cells. Cadmium appears with
zinc in nature. Zinc is an essential element in animals. It
is a constituent of most cells aiid soft tissue, and is a co¬
factor for several enzymes. Cadmium, on the otherhand, is a
non-essential element (Schroeder et al., 1967). Friberg
et al. (1971) suggest that cadmium is transported bound toge¬
ther with zinc and probably other metals to a protein of
low molecular weight, metallothionein. This protein also
binds mercury and probably copper, iron, magnesium and other
metals (Kagi and Vallee, 1960; 1961). It has been suggested
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that cadmium competes with zinc for the binding site on the
metallothionein. Cadmium maybe emitted into the air in the
form of cadmium oxides (CdO, Cd02) and solid particles of
cadmium and its compounds.
The respiratory and gastrointestial tracts are the major
routes of cadmium ingestion and accumulation in humans (Friberg
et al., 1971). The highest concentration of cadmium is found
in the liver and cortex (Berlin and Ullberg, 1963) and only
a small amount of cadmixam is excreted.
In recent years cadmium has been added to the list of
metals known to be carcinogenic in rats. In areas not known
to be polluted by cadium, less than Ippb has been reported
in the water; whereas, values of lOppb have been reported in
natural waters and water for consumption (Schroeder et al.,
1967). This increase in cadmium could be due to the con¬
tamination of water, either by industrial discharges or by
metal or plastic pipes used in distribution (Schroeder et
al. 1967). A severe bone disease known.as Itai-itai in Japan
has been traced to cadmium because of the disposal of this
metal in rivers (Friberg et al., 1971).
Both airbrone and waterbrone cadmium can cause increased
concentrations of cadmium in the soil. Data from workers ex¬
posed to cadmium is absorbed after exposure. Even though
certain skin penetration of soluble cadmium compounds can
take place when they are applied in a solution onto the skin
I
(Skog and Wahlberg, 1964), and even if the skin can be a
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route of uptake in such cases, the respiratory and gastro¬
intestinal tracts are still the two main routes of absorp¬
tion in man. In the last years, cigarettes have been shown
as another source of exposures to cadmitim. Kaye (1961)
states that the mean lethal dose of cadmium for a 150 pound
man is 1 gram.
Perm and Carpenter (1968) have shown that cadmium
causes severe facial abnormalities in embryos when gravid
rats are given intravenous injections on the 8th day of ges¬
tation. Parizek and Zabor (1956) reported complete necro¬
sis of the testis of rats given one subcutaneous injection
of cadmium chloride in a dose as small as 0.02 millimole per
kilogram of body weight. This work has later been confirmed
by a number of other investigators, including. Kar and Das.,
1960.
Schroeder et al., 1967 reported on life term studies of
the effect of trace elements on tximors in rats and mice. The
rats given cadmium had more tumors than their controls while
the opposite was true for mice. In 1961 Haddow, Dukes and
Mitchley reported that repeated subcutaneous injection of
a preparation of rat-ferritin produced sarcoma at the site
of injection. Gunn et al., 1967 showed that a single in¬
jection of cadmium chloride in amounts as low as 0.17 to
0.34 mg of cadmium induced sarcoma. No tumors arose in
skin, liver, salivary glands, prostate or kidney. These
6
authors concluded that cadmium may be one of the most potent
metallic carcinogens yet known.
Heath and Daniel (1964) have shown the production of
malignant tumors in female rats, age 2-3 months, v;hen in¬
jected in the muscle with 0.028 g of cadmixam metal powder
shaken into suspension with 0.4 ml of fowl serum. Vlhen male
Sprague Dawley rats are injected with 250 ug of cadmium for
70 days, there is an enlargement of the adrenal, liver, kidney
and spleen but retarded growth, reduction in size of prostate,
testis, epididymis and hepatic enzyme activity (Dar et al.,
1975).
Parenteral administration of cadmium to rats, which causes
total necrosis of the testis, has no deleterious effects on
spermatozoa within the cauda or vas deferns other than those
resulting secondarily from androgen loss. The ability of
testosterone to prevent the inhibitory effects of cadmium
in several experiments on mating and fertility, emphasize
the importance of the male hormone for the normal transport
and function of the spermatozoa (Gunn et al., 1967).
Cadmium when injected on day 8 1/2 of gestation in golden
hamsters has been shown to accumulate in such embryonic struc¬
tures as the yolk sac, ectoplacental cone and later the chorio¬
allantoic placenta. In the maternal host,.the most prominent
accumulation of cadmium has been seen in the liver and renal
cortex. A high concentration of cadmium has been seen in the
corpus leuteum, follicle cells and the pituitary (Dencker, 1975)
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In our lab, Waindi (1976) has shown that when pregnant
rats were given interperitoneal injections of 0.036 mg/kg
body weight of cadmium chloride (LD^q dose) at different
periods of pregnancy, it caused an imbalance of Na"^ and K in
both fetal and maternal blood sera.
CHAPTER III
MATERIALS AND METHODS
Virgin female rats of the Long Evans strain were used
in these experiments. The rats were kept in polyethylene
cages in a temperature and humidity controlled room; exposed
to 12 hr of light and 12 hr of darkness. Vaginal smears
of the female rats were taken every morning. The rats in
proestrous were mated with males overnight. The presence
of sperm the following morning was counted as day h of the
pregnancy period.
Three groups of rats were used in these experiments:
I. Cadraixira-Treated Rats
Ten rats were injected intraperitoneally on day Bk
of gestation with a volumetric dose (0.4cc) of 2.24mg
CdCl2/kg of body weight. Cadmium treated rats were kept
in quarantined cages.
II. Saline-Treated Rats
Ten rats were injected intraperitoneal on day 8% of
gestation with a volumetric dose (0.4cc) of 0.85% NaCl.III.Untreated-Control Rats
Ten untreated rats were used as control. In all groups,
maternal host and fetuses were properly anesthesized with
ethyl-ether and oophorectomized on pre-selected days of
gestation for ovarian tissue analyses.
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Procedure for Isolation of DNA from Ovarian Tissues
The following standard protocol was designed for
determing the amount of solutions utilized for the ex¬
traction of DNA from ovarian tissues.
In the extraction of DNA from ovarian tissues, the
following amounts of each solution were given per gram of
tissue: 1.6 ml of sodium citrate, 16 ml of 15% duponol C
in 0.14M NaCl: 0.0IM sodium citrate, 6 ml of absolute
ethanol, 4.5M NaCl and 3 ml of 1.4M NaCl. Maternal and
fetal ovarian tissues were taken separately using the
following procedure. Ovarian tissues were homogenized
on ice in 0.5 ml of 0.85% NaCl. To the fresh ovarian homo-,-
genate, 0.0IM sodiiam citrate was slowly stirred evenly
into the suspension and thereafter, 15% duponol C in 0.14M
NaCl, 0.0IM sodium citrate was added slowly. This suspension
was homogenized for 30 min by hand and a proportional amount
of absolute ethanol was added with constant stirring.
The resulting precipitate was centrifuged at 1,250
rpm for 5 min at room temperature and the supernate was
decanted. Using a glass homogenizer, the precipitate was
blended with a proportional amount of 1.4M NaCl and cen¬
trifuged at room temperature for 25 min at 5,000 rpm.
After centrifugation, the supernate was decanted and saved.
The precipitate was resuspended by stirring in an proportional
amount of 1.4M NaCl and centrifuge at 5,000 rpm for 25 min
as before. The first and second clear salt extracts of the
precipitate were combined and 0.25 ml of absolute ethanol was
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slowly added to the extract by stirring for 30 min with a
glass rod. This solution was placed in the freezer and the
crude DNA was allowed to precipitate overnight.
The next day, the crude DNA was dried to a power
utilizing a hand vacuum pump unit (15kg pressure).
Quantitative Determination of DNA from Cellular Homogenates
In these experiments the Disch diphenylamine reaction
was used to measure the amount of DNA by colorimetric com-
parsion with known amounts of DNA. The colorimetric analysis
is based on the proportionality of sugar liberted and
color developed from two similar samples (standard and
isolate) under identical conditions.
In order to determine the amount of DNA in the isolate
sample using the Dische reaction, four test tubes were
set up according to the following protocol:
Tube 1 Tube 2 Tube 3 Tube'4
Distilled water (ml) .5
DNA (ml)
Purified salmon







Tube 1 Tube 2 Tube 3 Tube 4
Isolate (ml) .5
Powdered DNA-resus-
pended in .5ml of
deionized water
Diphenylamine reagent 1.25 1.25 1.25 1.25
(ml)
An RNA standard was also run along with each of the above
experiments.
The content of each tube was thoroughly mixed by
swirling and the tubes were immersed in a boiling water
bath for 5 min. Subsequently/ each tube was cooled under
running tap water and set aside in preparation for spec-
trophotometric analyses., The colorimetric wave-length was
set at 595mn and zeroed using the distilled water test
tube as a blank. Tubes 2, 3, and 4 were read against the
blank.
Calculation of DNA in-isolate
The absorbance of the DNA solution was compared with
that of the isolate sample tube to calculate the DNA.content
of the sample isolate as follows:
DNA in the isolate (ug/ml)_ % T of isolate X 250 uq/ml




The concentration of crude DNA (ug/ml) obtained from
ovarian tissues of fetuses from normal, saline and cadmium
chloride treated maternal rats indicates the following
results. Crude DNA obtained from 19% day normal fetal
ovarian tissue showed a mean assayed concentration of
280.19ug/ml (Table 1, Fig. 1); fetuses from saline treated
maternal rats showed a mean ovarian tissue crude DNA con¬
centration of 275.39ug./ml (Table 1, Fig. 2) . There is no
statistically significant difference in these mean con¬
centrations. On the other hand, cadmium treated fetuses
exhibited a mark decrease in the mean concentration of DNA
to 260.39ug/ml. The standard deviation (S.D.) in all 3
groups of fetuses was relatively small, i.e., S.D. in the
normal - 1.78; saline ^ 4.24 and in the cadmium treated
± 3.63 (Table 1).
Maternal Ovarian Tissue
The concentration of crude DNA (ug/ml) obtained from
ovarian tissues of normal, saline and cadmium treated maternal
rats showed the following results. Crude DNA obtained from
ovarian tissue of 19% day normal pregnant rats showed a
mean assayed concentration of 262.11ug/ml (Table 2, Fig. 3);
12
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those ovarian tissues from saline treated rats showed a
mean ovarian tissue crude DNA concentration of 263.02ug/ml
(Table 2, Fig. 4). There is no statistically significant
difference in these compared mean concentrations in these
gravid rats. Cadmium injections caused a reduction in the
mean concentration of ovarian tissue DNA to 248.28ug/ml in
the gravid rats. The standard deviation (S.D.) in the 3
groups was relatively small, i.e., S.D. in the normal 19%
day gravid rats ^ 7.62, saline treated 19% day gravid rats
^ 8.57, and cadmium treated 19% day rats * 6.38.
In the maternal rats and 19% day fetuses, the saline
treated rats show no statistically significant difference
in the mean concentration of ovarian tissue DNA from the
normal (Table 2). On the other hand, maternal rats and
19% day fetuses show a significant reduction in the ovarian
tissue mean concentration of DNA when injected with cadmium
chloride (2.24mg/kg body weight) (Table 1 and 2).
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Table 1. Concentration of crude DNA (ug/ml)from ovarian
tissues of 19^5 day fetuses from normal, saline and cadmium
treated maternal rats.
No. Mean S.D. Mean Range
Untreated 100 280.19 ±1.78 275-281.9
Saline 100 275.39 ±4.24 270.3-280.68
Cadmium 100 260.39 ±3.63 255-266.3
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Table 2. Concentration of crude DNA (ug/ml) from ovarian
tissues of normal, saline and cadmium treated maternal
rats.
No. Mean S.D. Mean Range
Untreated 7 262.11 ±7.62 247.2-269.4
Saline 7 263.02 ±8.57 247.1-272.9
Cadmixmi 7 248.28 ±6.38 241-255.3
Fig. 1. A graph showing the concentration of crude DNA
(ug/ml) from ovarian tissues of 19% day fetuses








Fig. 2. A graph showing the concentration of crude DNA
(ug/ml) from ovarian tissues of 19h day fetuses
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Fig. 3. Graph 3 is a summary graph of the concentration
of crude DNA (ug/ml) from ovarian tissues of 19%
day fetuses from normal (0) saline (•) and cadmium




Fig. 4. A graph showing the concentration of crude DNA
(ug/ml) from ovarian tissues of normal (0) and





Fig. 5. A graph showing the concentration of crude DNA
(ug/ml) from ovarian tissues of saline (•) and
cadmium (x) treated maternal rats.
QD(595nm)
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Fig. 6. Graph 6 is a summary graph of the concentration
of crude DNA (ug/ml) from ovarian tissues of








In the golden hamster during early gestation (8th to
9th day), cadmium causes resorptions and embroyonic struc¬
tural defects, the character of which is dependent on the
time of administration (Perm and Carpenter, 1967; Perm,
1971; Gale and Perm, 1973). In the rat (Barr, 1973;
Scharpf et al., 1972) and in the mouse (Schroeder and
Milchener, 1971), malformations and fetal death are pro¬
duced by cadmium. For sometime it has been known that
cadmium is highly destructive to the testes of a number of
animals (Roe et al., 1964). Parizek and Zabor (1956)
reported complete necrosis of the testis of rats given one
subcutaneous injection of cadmiiom chloride in a dose as
small as 0.02 millimole per kilogram of body weight.
A whole-body autoradiographic study in the mouse during
late gestation revealed no fetal uptake of radioactive
cadmium (Berlin and Ullberg, 1963), but Perm et al. (1969)
showed that small amounts of radioactive cadmium reached
the fetus at the time of embryogensis (8th to 9th day) in
the golden hamster. Lucis et al. (1971) showed that small
amounts of cadmiiom passed through the placenta during the
second trimester of pregnancy in the rat.
Cadmium administered on the 8th day accumulates in the
primitive gut of the embryos. In the maternal host, the
I
most prominent accumulation of cadmiiim has been seen in the
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liver and renal cortex. A high concentration of cadmium
has been seen in the corpus lutexim, follicle cells and
pituitary (Dencker, 1975).
As of 1977, no work has been reported on the effects
of cadmium as it relates to the female reproductive system.
If cadmium causes such drastic effects in the male re¬
productive system as reported by several investigators, we
find that our present contention, that it is possibly
teratogenic to the female reproductive system, highly pro¬
bable. Consequently, this study was conducted to determine
if biochemical changes in developing reproductive organs -
in particular the ovaries - takes place as a result of
maternal host exposure to cadmium treatment.
Cadmium has been shown to accumulate in various em¬
bryonic and maternal structures, in particular those of
the reproductive system. These accumulated amounts of
cadmium may in turn have an effect upon the rate of DNA
synthesis and as a consequence cell proliferation in fetal
rat ovaries. Cadmium has also been shown to accumulate in
the embryonic primitive gut. It is a well established
embryological dictum that from the primitive gut many
essential organs are formed including some tissues of the
reproductive system. Cadmium acciimulation in these organs
may induce changes causing a secondary effect upon pro¬
liferation in ovarian tissues.
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In our work, we found that the concentration of crude
DNA (ug/ml) obtained from ovarian tissues of 19% day fetuses
from normal and saline treated maternal rats showed no statis¬
tically significant difference in the mean concentration of
DNA. Crude DNA obtained from 19% day normal fetal ovarian
tissue showed a mean assayed concentration of 280.19ug/ml;
fetuses from saline treated maternal rats showed a mean
ovarian tissue crude DNA concentration of 275.39ug/ml. The
cadmium treated fetuses on the other hand showed a significant
reduction in the mean concentration of DNA in ovarian tissues
to 260.39ug/ml.
The 3 groups of maternal host shows the same correlation
in mean concentration of DNA in ovarian tissues. Crude DNA
obtained from 19% day normal pregnant rat ovarian tissue
showed a mean assayed concentration of 262.11ug/ml; ovarian
tissue obtained from saline, treated rats showed a mean crude
DNA concentration of 263.02ug/ml. In the normal and saline
treated maternal rats, there is no significant difference
in the mean concentration of crude DNA in the ovarian tissues.
The cadmium treated maternal rats as in the 19% day fetuses
shows a significant reduction in the mean concentration of
DNA to 248.28ug/ml.
The results of this study clearly show that 2.24mg/kg
body weight of cadmium chloride injected on 8% day gestation
causes a reduction in the mean concentration of crude DNA
in the maternal host and 19% day fetuses. To assure us that
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it was the cadmium ions that were causing this reduction
in the mean concentration of DNA, the effects of .85%
NaCl on DNA in ovarian tissues were studied. In the
maternal host and 19^5 day fetuses, physiological saline
showed no statistically significant difference in the
mean concentration of DNA. These findings support our
postulation that it is indeed the cadmium ions that are
causing this reduction in the mean concentration of ovarian
tissue DNA.
It has been suggested (Friberg et al., 1971) that
cadmium is transported bound together with zinc and
probably other metals, to a protein of low molecular weight,
metallothionein.
It is suggested from this investigation that cadmium
chloride when injected on 8% day of gestation causes a
reduction in the mean concentration of ovarian tissue DNA
and this reduction may result from the occurrence of one
or all of the following; 1) competion with zinc and 2) by
accumulation in the areas of the embryonic primitive gut
and maternal ovaries. It has been shown by several investi¬
gators including Ferm and Carpenter (1967) and Harris (1976)
that zinc injections inhibit the drastic teratogenic effects
of cadmium. Zinc is an essential element found in most
cells and soft tissue, and is a co-factor for several
enzymes. Cadmium is a divalent ion which has the ability
to effect essential reactions in which zinc is needed, e.g..
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protein synthesis (Kazantzis, 1963). In the maternal host
a high concentration of cadmium has been found in the corpus
luteum and follicle cells (Dencker, 1975). Cadmium accumu¬
lates in the embryonic primitive gut and from the primitive
gut many essential organs are formed by the interaction of
the surrounding mesenchyme including some tissue of the
reproductive system. Cadmivun accumulation in these developing
organ systems may induce changes causing a secondary effect
upon proliferation in ovarian tissue.
CHAPTER VI
SUMMARY
This study was conducted to determine 1) if bio¬
chemical changes in developing reproductive organs - in
particular the ovaries - occur as a result of maternal rat
exposure to cadmium chloride; 2) to test our present hypo¬
thesis that it is possibly teratogenic to the female re¬
productive system.
The results of this study clearly show that 2.24 mg/kg
body weight of cadmium chloride injected on 8J5 day of
gestation causes a reduction in the mean concentration of
crude DNA in the maternal host and 19% day fetuses. This
reduction may result from the occurrence of one or all of
the following: (a) competion with zinc and (b) by accumu¬
lation in the areas of the embryonic primitive gut and
maternal ovaries.
The results of this study warrant further research
into the problem of cadmium teratogenesis by a) conducting
a detailed histochemical study to determine if tissue
necrosis is occurring subsequently causing a reduction in
mean DNA concentration or vice-versa and (b) studying the
long-term effects of cadmium on female offspring as a
result of maternal rat exposure to cadmium treatment.
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